Morphine hyperalgesia in mice is unrelated to opioid activity, analgesia, or tolerance: evidence for multiple diverse hyperalgesic systems.
Hyperalgesia following chronic morphine treatment is thought to be a response to opioid receptor activation and analgesia and contribute to the development of analgesic tolerance. Here, the relationship between these variables was studied in mice tested for nociceptive sensitivity on the tail-withdrawal test during chronic infusion of various morphine doses. Hyperalgesic onset was preceded by dose-dependent analgesia except for the lowest morphine dose, which caused hyperalgesia 6 h after the start of infusion. Morphine ED50 values obtained at various infusion intervals demonstrated both analgesic tolerance in the absence of hyperalgesia and hyperalgesia in the absence of tolerance. Continuous opioid receptor antagonism using naltrexone pellets abolished analgesia during continuous morphine administration, transiently potentiated hyperalgesia, and revealed differences in hyperalgesic onset between morphine infusion doses. Acute injection of the N-methyl-D-aspartate (NMDA) receptor antagonist MK-801 attenuated hyperalgesia in naltrexone-treated mice, demonstrating a role for this receptor in morphine hyperalgesia unrelated to its effects upon morphine analgesia. In mice where hyperalgesia subsided after continuous infusion of the highest morphine dose (i.e., hyperalgesic adaptation), hyperalgesia was restored after infusing the lower but not higher morphine dose. In addition, acute injection of morphine-3beta-glucoronide (M3G) caused hyperalgesia that was cross-adaptive with the lower morphine dose only. The data demonstrate that morphine hyperalgesia is independent of prior or concurrent opioid receptor activity or analgesia and is unrelated to analgesic tolerance. Furthermore, the lack of hyperalgesic cross-adaptation between high and low morphine doses, and their differential cross-adaptation with M3G hyperalgesia, also suggests distinct morphine dose-dependent hyperalgesic systems.